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PART I 
A Chemical and Morphological Study 
of 
Nicandra Physalodes (L) Pers. 
Botanical studies 
Introduction 
Among the various plants that have been 
placed under cultivation in the Medicinal and 
Poisonous Plant Investigations Gardens of the South 
Dakota state College of Agriculture and Mechanic 
Arts School of Pharmacy, has been that of Nicandra 
Physalodes (L) Pers., commonly known as the Apple of 
Peru. This plant has been under cultivation 
in the gardens since 1918, the seed having been 
received from Professor E. L. Newcomb, Director 
of the University of Minnesota College of Pharmacy 
Drug Gardens, in the Fall of 1917. Professor Newcomb 
reports that the seed had been purchased from Haage 
and Schmidt, Erfurt, Germany, in 1914. 
The writer has undertaken a morphol0gical and 
chemical study of the plant in question, on account of 
his interest in the Solanaceae, especially in regard 
to the peculiar group of alkaloids that are present 
in a number of plants in this family. 
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Synonomy 
Nicandra, Adana. (Calydermos) 
Physalodes, Boehm. 
Nicandra Physalodes, (L} Pers. 
Atropa Physalodes, (L) 
Atropa peruvianum, Kuntze 
Physalodes physalodes, Britton 
Nicandra physaloides, (L) GArt. 
Common Names 
Apple of Peru 
Knewn as Belladonna de Pais in Mexico 
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Historical 
The Apple of Peru is an old-fashioned garden 
herb, now rarely seen. adventive from Peru and sparingly 
naturalized in the United States~ It is to be found 
at the present time in old garCTens and waste places. 
being cultivated for its large. pale blue. showy flowers. 
Reported to be widely distributed in the tropics. 
The plant is named in honor of Nioander* by 
Adanson, the specific name. Physalodes. being given 
by Boehmer, a German Botanist. 
*Nicander (L. fr. Gr.N<Ka~8poSNiiandros) was a 
Greek physician and hereditary priest of Apollo in his 
native city. Nicander was born in Glaros near Colophon 
in Ionia, 150 B. c. He was also a grammarian and poet. 
Among his numerous works in verse and prose, two poems 
are extant. The first deals with remedies which were 
used for wounds inflicted by venomous animals, and the 
second on poisons and the treatment of poisons. 
Nicander was especially noted for his great work along 
toxicological lines, having been frequently quoted by 
Pliny, Galen, and other ancient writers. 
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It has been reported in literature to possess diuretic 
and narcotic properties. Pammel states that it is a 
poisonous plant and is used an some parts of the 
United States as a fly poison. Dujardin-Beaumetz, 
in their "Plantes-Medicinales" states that a decoction 
of the plant is used in some of the tropical countries. 
The fruit is said to possess diuretic properties. 
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nescription of Plant from Present Studies 
The Apple of Peru is a coarse, tall, spreading 
annual, which attains a height from 3 to 7 feet. The 
stem is distinctly ribbed and hollow; glabrous. 
The leaves are alternate, ovate or elliptic, blunt-pointed 
from 2 to 12 inches in length and from 1 to 8 inches in 
width. Numerous multicellular non-glandular hairs are 
present on upper surface and along the margin of the leaf. 
The plant is grown for its large, blue-showy flowers, which 
are broadly campanulate, about one inch in length. 
stamens 5, inserted on the corolla; anthers oblong; stigma 
3 to 5 parted. ,Calyx 5-parted and which is much inflated 
in the fruit, loosely surrounding the latter. The fruit is 
a dry or nearly dry globular berry, about 1/2 inch in 
diameter. The fruit wall is thin and membranous, enclosing 
numerous small brown seeds; 3-to 5-loculed, which differ-
entiates the Apple of Peru from that of Physalis, the 
latter possessing a 2-loouled fruit. The Apple of Peru 
resembles that of a large physalis and is o~en mistaken 
for the ground cherry and the winter cherry. 
-~-
structure of stem 
As pointed out by Solereder, an impor~ant 
character of the axis, is to be found in the presence 
of intraxylary soft bast, which has been demonstrated 
by various authors (Vesque, Radlkofer, Solereder, Schepe-
grell, Fedde) and which has been verified by the,writer. 
sections of the mature stem present the following 
characteristics: a layer of uniform epidermal cells, with 
heavily thickened, cutinized outer walls and with thin 
vertical radial walls; 3 to 6 layers of collenchyma, with 
distinct thickenings at the corners; cortex of parenchyma 
in which are to be noted irregular-shaped prisms of 
calcium oxalate, occurring singly or in the form of crystal 
fibers, associated with the bast fibers; soatt~red, elongated 
bast fibers; sieve area of characteristic form, among which 
are scattered another type of bast fibers, the latter being 
much shorter than those scattered throughout the co~tical 
area; cambium not cl€arly defined; xylem consisting of 
teavily lignified wood fibers with thickene.d walls, tracheae 
if simple and bordered pore type and medullary rays, 1 to 
! cells in width; pith composed of parenchyma cells, traclleae 
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of single and double spiral type, around which are 
stellate groups of parenchyma cells; scat~ered scler-
enchymatous fibers, of the type found in the cortical 
region, and with which are associated crystal fibers; 
scattered patches of sieve (intraxylary soft bast-sol-
ereder); central portion of stem hollow. 
Chief Structural Characteristics of Leaf 
Bifacial; numerous multicellular non-glandular 
hairs on upper surface and along margin of leaf, the 
hairs being 2-4-5-celled in addition to the 3-celled 
hair as reported by Solereder; few smaller multicealular 
hon-glandular hairs and l to 2-celled glandular hairs on 
bothfpper and lower surfaces; stomata of usual shape, gen-
erally surrounded by four neighboring cells; fibrovas-
cular tissue of b4collateral type; irregular-shaped prisms 
of calcium oxalate in the parenchyma cells. 
-7-
Description of powder (leaf material) 
Dark green; consisting of numerous large 
multicellular, non-glandular hairs, which are from 2 
to 5-celled, conical; a fewer number of smaller conical 
multicellular, non-glandular hairs of the same number 
of cells; glandular hairs, club-shaped with short stalk, 
consisting of 1 to 2 cells, with vertical walls; calcium 
oxalate in the form of individual crystals and also 
crystal fibers, the individual crystals in the form of 
irregular-shaped monoclinic prisms; stomata with frag-
ments of accompanying epidermal cells; fragments of 
sclerenchymatous tissue; spiral and close annular tracheae; 
fragments or groups of cells filled with chlorophyll grains. 
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Chemical Examination 
The writer became interested in a study of 
Nicandra Physalodes (L) Pers •• through the question 
of the alkaloids of the Solanaceae. lio reference has 
been noted in literature cited, in regard to the chemia-
try of this plant. 
Qualitative tests for the presence of alkaloids 
were performed as follows: 
1. 25 gms. of powdered leaf material were triturated 
with sufficient water during ten minutes and then 
filtered. Mayer's Reagent was added to one portion and 
Phosphomavbdic acid to another portion of the filtrate. 
No precipitate was produced in either case. 
t. A like quantity of the material was triturated in 
si!!lilar manner with sufficient dilute sulphuric acid (1/2 
per cent.) and then filtered. A precipitate was produced 
in both cases with Mayer's Reagent and with Phosphomolybdic 
acid, showing the presence of alkaloids. 
When assayed according to the method outlined in 
the u.s.P. IX, for BelladonnaeFolia, the +eaves were 
found to contain O.l per cent. of total alkaloids. This 
has been verified by other workers in the Drug Assaying 
laboratory of the School of Pharmacy. 
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It is interesting to note that the finally 
purified alkaloidal material(previous to titration) 
produced crystals which possessed the characteristic 
solanaceous or tovacco-like odor, which is generally 
noted in the assay of Solanaceous plants. 
Another lot of material pr~pared by the U. s. p. 
IX assay method, responded positively to Vitali's 
test for Solanaceous alkaloids. 
-10-
Stunmary 
1. A morphological study of Nicandra Physalodes 
(L) Pers., has been made and the following characteris-
tics noted: 
(a) Bicollateral fibrovascular type pf tissue 
(b) Presence of 2-4-5-celled non-glandular hairs, in 
addition to the 3-celled type as reported by Sole!der 
(c) The presence of the elongated type of sclerenchyma-
tous fibers in the cortex •nd in pith regions. 
(d} The presence of calcium oxalate in the form of 
individual prisms 1 of irregnlB.r shape and also in the 
form of crystal fibers. 
(e} The presence of 1-2-celled glandular hairs, with 
vertical walls. 
2. A chemical study of this plant has been made, 
which revealed the following: 
* (a) 0.1 per cent.of total alkaloids 
(b) Possessed the characteristic tobacco-like odor 
(c) Responded positively to Vitali's test for Solanaceous 
alkaloids. .. - - - - - .. 
*-Note: Uo comparative tests were applied to differentiate 
alkaloids present, in living tissues or extracted mater~ 
ials~on account of~later noted tendency ot these alkaloids 
to isomerize. These studies will be continued in the 
future as "Some Notes on the Alkaloids of the Solanadeae ". 
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Plate I 
.Nicandra Physalodes (L) P~rrr •. 
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Plate II 
!Uoandra Physalodes (L) Pers. 
Transverse section, Petiole 
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Plate III 
Nicandra Physalodes (L) Pers. 
A 
·. Epidermal cells of leaf 
showing stomata 
.B 
Transverse section petiole 
showing 
Epidermis, Collenchyma and 
Non~~landular hairs 

Plate IV 
Nicandra Physalodes {L) Pers. 
Various types of non-glandular hairs 

Plate V 
Nicandra Physalodes (L) Pers. 
Various types of glandular hairs 

Plate VI 
Nicandra Physalodes (L) Pers. 
~ransverse section • • • young stem 
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Plate VII 
Nicandra Physalodes (L) Pers. 
Transverse section•••• Mature stem 
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Plate VIII 
Nicandra Physalodes (L} Pers. 
Longitudinal section •• Mature stem 
Ep • • • • • • • • • • . Epidermis 
C • • • . • • • • • • • Collenchyma 
p • • • • • 
F • • • • • 
Ca . ,.. . • • 
• • ••• Parenohyma. 
• Baeit fi·Qe r,s .,,,_ .. . . 
• • • • • .. 'caieiiun ''.ox~iate 
(Crystai :fibers) 
S • • • • • .• • • • • Sieve 
F2 •• • •. • • • • • • • Bast fibers 
':::;_ 
cm. . -·· • • • • • • • Cambium 
WF • • . . ·- ·~ . • • • w o-od :fibers 
T • • • .. . • • •• • • • Trach~a..e 
MR • • • • • . ·-· 
s2 •.•.•.• 
F3 • . • -• • 
•~ ... 
• Medullary rays 
Intf~xYlary'so:ft bast • • 
• • • • • • Srilerenchydla :fibers 
Pi •• • • • • • • • • Pith 
BP. • • • • . . ••• Bordered pore tracheae 

Plate IX 
Nioandra Physalodes (L) Pers. 
A 
Transve.rse section of Pith (matn:r.e gtem) 
B·., 
Longitudin~l 'section of Pith (mature stem) 
f . • .. ·. • • .. •: • • . • • • Tracheae 
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• • • • Tracheae with stellate 
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...... Sclerenchyma fibers 
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Plate X 
Nicandra Physalodes (L) Pers • 
A • • • • • • • • • • Mature fruit 
B •••••••••• Mature fruit with part of 
calyx removed 
C ••••••••• • Fruit with calyx removed 
D • • • • . . ". • • • Transverse section fruit 
E •••••••••• Leaf, natural size 

Plate XI 
Nicandra Physalodes (L) Pers. 
Types of 
Multicellular non-glandular hairs from leaf 

Plate XII 
Nicandra Physalodes {L) Pers. 
Powdered leaf material 
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Plate XIII 
Nicandra Physalodea (L) Pers. 
A • • • • • • • • • • Entire flower 
B .. C •••••••• Longitudinal sections 
t.hrough flower 
D •••••••••• Pollen grains 

Plate XIV 
Nicandra Physalodes (L) Pers. 
Types of multicellular. non-glandular hairs 
(From seedlings) 

Plate XV 
Nicandra Physalodes (L) Pers. 
Types of solerenchymatous fibers 
from pith of mature stem 

Plate XVI 
Nicandra Physalodes (L) Pers. 
'll'lst of seedli,µgs 
tit;,&e,~a: with :fYtl.li~\spe B~~~~.: 

Plate XVII 
Nicandra Physalocles (L} Pers. 
se~dling 

Plate XVIII 
Nicandra Physalo~AS (L) PPrs. 
in 
Tge MAdicinal and Poisonous Plant i::nvf>stigations 
Gardens 

PART II 
Some Notes on the Alkaloid.a of' the Solanaceae 
Introduction 
The Solanaceae or the Hightshade family, com-
prising 75 genera and about 1500 species, which in-
cludes medicinal plants as Atropa Belladonna, Hyos-
cyamus niger and Datura stramonium, is characterized 
chiefly by the presence of a group of poisonous al-
kaloids, generally reflirred to as the nmydriatic 
alkaloids". 
To the scientific investigator, this family 
presents a rich field of research in regard to the 
much disputed question as to the identification of 
the various alkaloids which are present in these 
plants. 
Kilmer1 in working with Belladonna on a 
commercial scale (some 35 acres in 1918) at the John-
son and Johnson laboratories, raises the following 
questions concerning the composition of Belladonna. 
What do we know? What does anybody know? What is the 
sum of our knowledge concerning Belladonna? What is the 
active constituent? The usual answer is "atropine". 
- - - - - - - - -1Kilmer: Amer. Jour. Pharm. 91: 139-147, 1919 
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Is this the correct answer? Continuing he states 
that investigation has shown that atropine does not 
exist in cultivated Belladonna, nor indeed in Bella-
donna when carefully handled and dried. Atropine, accor-
ding to him, is the product or a derivative produced 
during the manipulation of the drug. Following these 
questions, he lists some 25 constituents of Belladonna 
that have been reported in literature and adds that there 
certainly is something present besides Atropine. 
The present paper "Some Notes on the Alkaloids 
of the Solanaceae" represents only a preliminary inves-
tigation in regard to the question of the alkaloids of 
this important family, in which the writer has attempted 
a differentiation between two of the more important 
alkaloids, namely atropine and hyoscyamine. 
In addition to the numerous tests, color, odor etc., 
(see Allen's Organic Ahalysis}, the writer has per-
formed some 100 or more ~ualitative tests, in an attempt 
to find a suitable color test for the differentiation 
of atropine and hyoscyamine, which would be applicable 
in very dilute solution and which in turn could be 
applied to the living tissue. 
-?,-
Pictet & Biddle, nThe Vegetable Alkaloids", 
have established the following seven alkaloids in 
the Solanaceae: 
2. Hyoscyamine, •••••••• " 
3. Pseudohyoscyamine, •• " 
4. Hyoscine, ••••••••••• " 
5. Atropamine, ••••••••• 
6. Belladonnine, ••••••• " 
Henry, "The Plant Alkaloids", in his restricted 
grouping of these alkaloids, those with diheterocyclic 
nuclei, includes nine,members and possibly one or two 
more which are not yet fully characterized: 
1. Apoatropine and Belladonnine, ••• c~7H21o2N 
2. Atropine and Hyoscyamine, ••••••• c17H23o3N 
3. nor-Hyoscyamine, •••••••••••••••• c16H21o3N 
4. pseudo-Hyoscyamine, •••••••••••••• c17 H23o3N 
5. Meteloidine, •••••••••••••••••••• 013 H2104N 
6. Scopolamine (Hyoacine), ••••••••• c17H21o4N 
7. Tropacocaine, •••••••••••••••••••• C15H
19
02N 
(See under Coca) 
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Atropine versus Hyoscyamine 
Atropine, which was discovered by Mein and 
by Geiger and Hesse (1831}, in the roots of Atropa 
Belladonna, is the isomer of Hyoscyamine, which was 
discovered by Geiger and Hesse (1833), in Hyoscyamus 
niger. The chief difference between these two alkaloids 
is in their optical activity, atropine being the race-
mic form, while Hyoscyamine is the laevo-modification. 
M. P. Atropine, 115-116; Hyoscyamine, 108.5. 
The following chemical formula has been assigned to 
these two compounds: 
N. CH3 CH- O. CO- CH 
I I 
H2C - CH _ CH2 C6H5 
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According to Henry, it is probable that atropine 
never occurs in more than traces in solanaceous plants. 
Pictet and Biddle state that Will suspected that atropine 
really does not exist in the plant, on account of the 
ease of transformation of hyoscyamine into atropine, and 
that atropine is formed from hyoscyamine by the treat-
ment which is employed in the extraction and purification 
of the alkaloids and in the course of which the base is 
repeatedly brought in contact with alkali and is also 
more or less heated. The investigations of Schmitt and 
Schutte, however, warrant us in assuming the existence 
of atropine with hyoscyamine in the plant. Kraemer, 
(Scientific and AppliPd Pharmacognosy), reports that 
several alkaloids are present in Belladonna, in the case 
of the root, atropine and hyoscyamine, the proportions of 
these varying according to the age of the root, the 
hyoscyamine, however, usually being in excess. The 
atropine he claims, appears to be derived from its isomer 
hyoscyamine and not to preexist in the root. Fluckiger and 
Hanbury, "Pharmacographia" report that atropine is the 
chief constituent of Belladonna. 
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The existing confusion is due to the fact that 
tests have not been applied to the living tissue, but 
to the products obtained from these various plants, and 
as stated before, various changes can be readily brought 
about during the course of extraction and purification 
of these alkaloids. It is very probable indeed that 
atropine does not occur in Belladonna, but before same 
can be fully established it will be necessary to work 
with the living materials, by means of suitable color 
tests. The writer knows of no test at the present time 
which can be utilized in this connection, as all the 
tests that have been noted in literature, as well as the 
100 or more original tests, all respond in like manner 
with both Atropine and Hyoscyamine. 
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In addition to the some 100 or more color 
tests that have been performed, a preliminary study 
has been made of the various alkaloidal precipitants, 
especially those that form well defined crystalline 
compounds with alkaloids. Numerous compounds have 
been reported in literature that form well defined 
compounds with al~aloids, chief among which are solu-
tions of gold chloride, picric acid, hydrobromic acid 
saturated with free bromine (Wormley's reagent), picrolonic 
acid, platinic chloride, etc. 
In order to become thoroughly familiar with the 
various means of differentiation of alkaloids by the 
use of these various compounds, the writer has entered 
upon a preliminary study of the various compounds produced, 
the main text of which is included in this paper. 
It is to be remembered that these compounds are 
only applicable in alkaloidal differentiation, when the 
alkaloids to be studied are in a pure condition, there-
fore they cannot be applied to the alkaloids as they 
exist in the living tissue. It has been found that 
many factors as concentration of solutions, temperature, 
cleanliness of apparatus, technique, etc., :O,ave to be 
taken into consideration in work of this kind. 
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I 
k. n ma1ng a study of the various crystalline 
compounds produced with such substances as gold chloride, 
picric acid etc., the following method of proceduee was 
adopted: 
To a small amouht of the alkaloid material, on a 
clean glass slide, was added one or two drops of a 1 per 
cent. solution of hydrochloric acid, and the mixture stirred 
with a glass rod. One or t,o drops of the reagent, gener-
ally a 1/2 to 1 per cent. solution, was added, and the 
mixture again stirred. The formation of the various 
crystalline compounds v,was thAn noted under the compound 
microscope, the drawings being prepared, not from any 
definite period of formation, as this varies greatly, 
but from the general aspect of the crystals produced. This 
can be very well noted during the time when the compounds 
produced, have been a.bout three quarters completed. If 
drawings are to be made at the close of the test, the 
complicated 
crystals assume large and undesirable forms. 
Strengths of solutions employed: 
1. Gold chloride, 1/2 to 1 per cent. 
2. Picric acid, 1 per cent. 
3. Wormley's F:eagent, 1 per cent. HBr saturated with 
bromine. 
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Types of Crystalline Formations 
1. Atropine Gold Chloride: Rosettes of a shaggy, curved 
type. Pl. III. 
2. Hyoscyamine Gold ~hloride: Well defined, rectangular 
plates. Pl. IV. 
3. Atropine Picrate: Small, rectangu::tar plates, single 
or clustered. Pl. II. 
4. Hyoscyamine Picrate: Numerous clusters of narrow, 
rectangular plates, rosette formations. Pl. I. 
5. Atropine-Wormley's Reagent: Shaggy rosette formations, 
resAmbling those somewhat of atropine gold chloride. Pl. V. 
6. Hyoscyamine-Wormley's Reagent: Numerous, small rosettes 
of needle like crystals. Pl. VI. 
7. Hyoscine Hydrobromide Gold Chloride: Irregular and plate 
like formations of a brown or brownish-purple color, due to 
the liberation of bromine. Pl. VII. 
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1. A review of the literature at hand, reveals 
thA fact that atropine may or may not be present in 
Belladonna and allied plants, but that it may be wholly or 
in part replaced by its isomer, hyoscyamine. 
2. Some 100 or more color tests have been applied 
in an attempt to differentiate between atropine and 
hyoscyamine, but it has been found that these tests as 
well as numerous other tests of like nature, reported in 
literature, produce the same results with both of these 
alkaloids. 
3. A preliminary investigation has been made 
in regard to a study of the crystalline compounds pro-
duced with hyoscyamine and atropine with various reagents 
as gold chloride, picric acid, Wormley's reagent, verifying 
previous literature, that these two alkaloids can be identi-
fied by such tests, if the material at hand is in a pure 
state, and the tests are carefully performed. 
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